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1        
  

 
1.1      ( ) 

 
    ,   

  .     −18 °C  −24 °. 
      7   
  .  

      180–200   
    .    ,   

   +15,7°C  +18,4 °C.  
   400 ― 550 ;     

50  80 .    5—7 / .   
  ё   .      
    ,     
      . 

 
1.2   

 
      

    ё   –  
       1.2.1.   

 151 .  ё   –     –
 .   ,   2–   . 

     248 ³/ . 
      1952  1994   𝑖 =10,8 ³/ . 
      1952  1994   

=1830 ³/ . 
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 1.2.1 –       
 

  1.2.1        
1952–1994 . 

 
 1.2.1 – ,     

    

 I II  III  IV  V VI  VII VIII IX  X XI  XII 
, /𝒄 

1952 32 23 15 14 643 1040 252 304 527 193 53 27 260 
1953 17 15 14 390 490 441 256 266 253 138 53 34 197 
1954 23 19 19 89 518 962 292 267 314 209 81 43 236 
1955 31 24 17 81 948 504 260 259 251 112 57 40 215 
1956 24 14 12 14 565 439 561 778 531 241 87 47 276 
1957 35 25 19 20 1000 1150 927 263 256 152 76 47 331 
1958 33 26 20 20 274 1470 439 295 272 141 86 44 260 
1959 27 23 20 16 906 890 596 368 280 183 83 42 286 
1960 26 17 12 75 432 683 270 292 265 205 55 32 197 
1961 25 18 17 17 533 1020 298 254 264 156 63 40 225 
1962 28 24 19 53 1160 643 450 450 727 226 104 52 328 
1963 30 24 18 16 725 590 316 565 287 229 80 45 244 
1964 26 18 14 14 696 565 257 267 258 191 54 37 200 
1965 28 19 17 20 600 908 573 634 441 175 87 46 296 
1966 29 19 14 15 1120 738 322 604 350 242 84 42 298 
1967 20 11 12 18 436 518 341 273 261 145 136 63 187 
1968 35 26 22 22 706 743 442 330 260 120 60 30 233 
1969 23 15 12 12 263 1310 569 329 348 129 66 34 259 
1970 19 13 13 14 345 775 450 292 265 111 70 32 200 
1971 18 12 9 7 358 1270 547 290 367 104 63 36 257 
1972 23 17 16 17 257 1282 400 381 270 100 45 27 236 
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  1.2.1 

 I II  III  IV  V VI  VII VIII IX  X XI  XII 
,  /𝒄 

1973 17 11 9 43 1040 634 260 317 258 95 59 37 232 
1974 29 20 18 18 262 1257 507 337 257 110 53 30 242 
1975 22 15 15 20 527 827 933 403 305 155 63 45 277 
1976 31 24 22 24 662 846 625 261 260 62 32 29 240 
1977 17 12 11 45 513 282 251 250 252 85 57 35 151 
1978 21 16 14 15 251 1006 800 404 253 121 71 41 251 
1979 29 20 14 19 1140 875 647 366 494 186 72 38 325 
1980 22 14 12 42 263 342 299 366 317 252 68 49 171 
1981 36 30 24 22 373 1220 305 384 250 170 89 56 247 
1982 37 27 21 40 950 674 299 336 251 64 55 38 233 
1983 29 21 17 25 383 1660 311 354 256 207 135 62 288 
1984 43 32 27 22 724 1050 402 367 611 129 67 36 292 
1985 22 16 12 14 268 1430 445 419 263 112 70 44 259 
1986 28 23 21 26 759 643 727 293 412 153 70 38 266 
1988 24 15 13 18 264 975 257 295 251 131 64 38 196 
1989 27 21 21 20 458 374 276 271 256 89 50 30 158 
1990 22 19 17 35 743 1190 268 277 274 132 69 39 257 
1991 25 17 18 144 1290 544 618 524 461 324 122 59 346 
1992 33 27 23 22 813 442 526 268 311 120 74 44 225 
1993 28 25 21 20 695 1220 456 316 527 217 78 38 303 
1994 27 18 14 22 645 885 441 306 247 205 78 50 245 Q   , /c 

27 20 17 41 618 863 439 353 330 158 73 41 248 

 
1.3    
 

       
  ∇ =63 ,   ∇ =  ,     775 . 

      1.3.1 
 

 

 1.3.1 –    
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       ,  1. 
  1.3.2        

. 
 

 
 1.3.2 –        

 
   1.3.3        

    . 
 

 

 1.3.3 –          
  

 
1.4  

 
      

  .        10%  c   
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.           
 1.4.1. 

 

 

 1.4.1 –         
 

      
    .     

1.1: 
 = + ∙ , (1.1) 

 
 t –     ; a, b – ,   

   1.2  1.3: 
 a = 𝑚𝑎𝑥+ 𝑚𝑎𝑥 ;  (1.2) 

 b = 𝑚𝑎𝑥− 𝑚𝑎𝑥.  (1.3) 
  

     1.4: 
 = | − | ∙ , .  (1.4) 

  

   ,    
     . 

      
   1.4.1    1.4.2. 
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 1.4.1 –       
 cos P  Pmax 

1 0,966 674 825 
2 0,7074 648 789 
3 0,2595 603 727 
4 –0,2579 551 655 
5 –0,7063 506 593 
6 –0,9655 480 557 
7 –0,9664 480 557 
8 –0,7085 506 593 
9 –0,261 551 655 
10 0,2564 603 727 
11 0,7051 648 789 
12 0,9651 674 825 

 

 

 1.4.2 –       
 

 

1.5  
 

 –     
  ,   6    MSK−64. 
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2 −  ё  
 
2.1        

    
 

2.1.1  ё    (P=50%) 
 

   ,   
     2.1.1. 

 
 2.1.1 –    , 

    

№ /  P, % 
Q   , 

3/   
Q , 

3/   Q , 3/   

1 2 346 1991 101 1991 719 1957 
2 5 331 1957 94 1953 704 1979 
3 7 328 1962 72 1962 687 1991 
4 9 325 1979 71 1983 686 1962 
5 12 303 1993 69 1954 643 1993 
6 14 298 1966 66 1980 631 1965 
7 16 296 1965 64 1966 631 1984 
8 19 292 1984 63 1963 627 1966 
9 21 288 1983 63 1956 608 1959 
10 23 286 1959 61 1981 599 1975 
11 26 277 1975 61 1993 593 1983 
12 28 276 1956 60 1960 575 1956 
13 30 266 1986 59 1994 567 1986 
14 33 260 1952 58 1967 566 1971 
15 35 260 1958 56 1959 565 1985 
16 37 259 1985 56 1965 564 1969 
17 40 259 1969 54 1979 553 1952 
18 42 257 1990 53 1957 550 1990 
19 44 257 1971 53 1958 550 1958 
20 47 251 1978 52 1955 543 1978 
21 49 247 1981 52 1986 531 1976 
22 51 245 1994 51 1952 524 1974 
23 53 244 1963 51 1984 518 1972 
24 56 242 1974 51 1964 506 1981 
25 58 240 1976 49 1992 505 1994 
28 65 233 1968 48 1975 497 1963 
29 67 233 1982 48 1990 496 1968 
30 70 232 1973 45 1968 474 1961 
31 72 225 1961 43 1978 472 1992 
32 74 225 1992 41 1969 471 1954 
33 77 215 1955 41 1985 444 1955 
34 79 200 1970 40 1982 425 1970 
35 81 200 1964 40 1974 409 1964 
36 84 197 1953 39 1970 403 1988 
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  2.1.1 

№ /  P, % Q   ,  
3/  

 Q , 
 3/  

 Q ,  
3/  

 

37 86 197 1960 39 1973 388 1960 
38 88 196 1988 37 1977 341 1953 
39 91 187 1967 37 1989 338 1967 
40 93 171 1980 36 1971 327 1989 
41 95 158 1989 35 1972 317 1980 
42 98 151 1977 32 1976 310 1977 

    1981    2.1  2.2: 
 𝐾 = % = = ;  (2.1) 

 𝐾 = % = = , .  (2.2) 

  
    1994 : 

 𝐾 = % = = ;  (2.3) 

 𝐾 = % = = , .  (2.4) 

 
      1981 . 

     . 
    2.1.2. 

 
 2.1.2 –      1981  (P=50%) 

  50%    

 I II  III  IV  V VI  VII VIII IX  X XI  XII .  /   
1981 . 36 30 24 22 373 1220 385 304 250 170 89 56 247 
 . 36 29 24 21 373 1220 385 304 250 167 88 56 246 

 .  36 30 24 22 373 1220 385 304 250 170 89 56 247 
 

  : 𝐾 = ; 𝐾 = . 
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2.1.2     (P=90%) 
 

      
  . 

    1988    2.5  2.6. 
 𝐾 = % = = , ;  (2.5) 

 𝐾 = % = = , .  (2.6) 

  
    1967 : 

 𝐾 = % = = , ;  (2.7) 

 𝐾 = % = = , .  (2.8) 

 
      1988 . 

     . 
    2.1.3. 

 
 2.1.3 –      1988  (P=90%) 

  90%    

 I II  III  IV  V VI  VII VIII IX  X XI  XII .  /   
1988 24 15 13 18 264 975 257 295 251 131 64 38 195 

 . 27 16 15 20 243 896 236 271 231 145 70 42 184 
 . 27 16 15 20 260 960 253 290 247 145 70 42 195 

 
  : 

 𝐾 = , ; 
 𝐾 = , . 
 
  ,    –   

      .  
   2.1.4. 

 
 2.1.4 –        

 
 I II  III  IV  V VI  VII VIII IX  X XI  XII 

Q50%–Q90% 9 13 10 1 113 260 132 14 3 25 19 15 
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,  1. 
 
2.2 −   

 
2.2.1     

 
 

    (  )  = ,    Э . =   ∙ .   
  3    . 

     –  
   2.9: 

 Э .я = Э . ∙ , ;  (2.9) 

  Э .я = ∙ , = ,   ∙ .  
 

     . 
       2.10: 

 

.я = Э .я ∙ ;  (2.10) 

  

.я = Э .я ∙ = , ∙ =  .  
 

       
. 

       ё   
 2.2.1. 

 
 2.2.1 –        

 1 2 3 4 5 6 7 8 9 10 11 12 Э . ,  ∙  
1,86 1,79 1,71 1,40 1,32 1,24 1,24 1,32 1,4 1,71 1,79 1,86 𝐍 . ,  78 74 71 58 55 52 52 55 58 71 75 78 

 

2.2.2 ё         
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  ё       
         . 
     2.11: 

 

Э = 𝑧 − 𝑧 − ∆ℎ. (2.11) 

 
 𝑧  –   ,   ; 𝑧  −  

  ( ),    𝑧 = ; ∆ℎ −  . 
     2.12: 

 = ∙ ∙ Э .       (2.12) 
  

  −  ;  –      
; Э  −  . 

      2.2.2. 
 

 2.2.2 –           

 1 2 3 4 5 6 7 8 9 10 11 12 

 /𝒄 
27 16 15 20 260 960 253 290 251 145 70 42 𝒛 , 

 
63,0 63,0 63,0 63,0 63,0 63,0 63,0 63,0 63,0 63,0 63,0 63,0 𝒛 , 

 
27,6 27,4 27,3 27,5 30,8 33,8 30,3 30,6 30,3 29,3 28,5 27,9 

Э , 
 

35,3 35,6 35,6 35,5 32,2 29,2 32,6 32,3 32,6 33,7 34,5 35,0 𝑵 , 
 

8 5 5 6 73 244 72 82 71 42 21 13 

 
 ё       ,   
    . 

      2.13: 
 = ∙ ∙ Э .  

 
(2.13) 

     2.2.3. 
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 2.2.3 –       
 1 2 3 4 5 6 7 8 9 10 11 12 

 /𝒄 
130 130 130 130 130 130 130 130 130 130 130 130 𝒛 ,  63,0 63,0 63,0 63,0 63,0 63,0 63,0 63,0 63,0 63,0 63,0 63,0 𝒛 ,  29,4 29,4 29,4 29,4 29,4 29,1 29,1 29,1 29,1 29,1 29,4 29,4 Э ,  33,2 33,2 33,2 33,2 33,2 33,5 33,6 33,6 33,6 33,6 33,3 33,3 𝑵 ,  38 38 38 38 38 38 38 38 38 38 38 38 

 
,    ,    

          .  
  2.2.4. 

 
 2.2.4 –          

    
 1 2 3 4 5 6 7 8 9 10 11 12 𝑵 ,  8 5 5 6 73 244 72 82 71 42 21 13 𝑵 ,  38 38 38 38 38 38 38 38 38 38 38 38 𝑵 − 𝑵  –29 –33 –33 –31 35 206 34 44 34 5 –16 –25 

     2.14: 
 = ∑ − ;  (2.14) 

   = .  
 

2.2.3   
 

  ,    2.2.2, 2.2.3, 2.2.4,  
    .       

      2.14. 
      ,  
   N . 
         

 2.2.5. 
 

 2.2.5 –      
 I II  III  IV  V VI  VII VIII IX  X XI  XII ,  674 648 603 551 506 480 480 506 551 603 648 674 𝑵 ,  8 5 5 6 73 244 72 82 71 42 21 13 𝑵 ,  38 38 38 38 38 38 38 38 38 38 38 38 𝐍 . ,  78 74 71 58 55 52 52 55 58 71 75 78 𝐍 ,  88 65         65 88 

 
      2.2.1. 
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 2.2.1 –   
 

2.2.4 –        
 

–  ё      
–         

. 
 ,   ,  : 

      2.15: 
           , = − − − − . (2.15) 

  

     2.16: 
 Э = . + − . .  (2.16) 

  

        2.17: 
 = Э + . + + . (2.17) 

  
      2.18: 

0

100

200

300

400

500

600

700

800

I II III IV V VI VII VIII IX X XI XII

P, 

 ,  , 
 ,  , 
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 = Э + . + + .  (2.18) 

 
 ё      2.19: 

 ∆ = ∙ / .  (2.19) 

  
 ё         

 2.20: 
 = − ∆ .  
 

(2.20) 

      2.21: 
 Э = ∙ Э ∙ .  

 
(2.21) 

    .    
 ,  1: 

     ,    
    ,   ,      

    . 
,     

  9 .  
      

    ,  2. 
 ,    , , 

   :   
 я = = ;  
 я = = .  
 
2.2.5       

   
 

 ,      , 
         

     . 
      ,  ,  

      . 
     2.22:
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= + .  (2.22) 
  

      2.23: 
 = ∙ ∙ .  (2.23) 
  

       2.24: 
 Э = ∙ .  (2.24) 
  

         2.25: 
 Э = Э − Э .  (2.25) 
  

,     ,    
2.2.6.  

         , 
 2  3. 

 
 2.2.6 – ё      

 
Q . , /  

N . 
 

. 
. ∙  

N . 
 

. 
. ∙  

. 
. ∙  

N,  
 

N,  
 

1 

65 

88 2,11 61 1,59 0,52 95 156 
2 65 1,55 46 1,19 0,36 76 122 
3 50 1,20 39 0,95 0,25 60 99 
4 29 0,70 25 0,60 0,09 35 60 
5 29 0,71 25 0,60 0,09 34 59 
6 32 0,77 18 0,66 0,12 30 48 
7 35 0,86 26 0,73 0,11 32 58 
8 36 0,88 30 0,75 0,11 33 63 
9 37 0,90 32 0,76 0,11 38 70 
10 40 0,95 43 0,80 0,15 45 88 
11 65 1,57 47 1,23 0,34 75 122 
12 88 2,11 64 1,60 0,51 92 156 

 
        

   ,      
 . 

      2.26 
 N .Э = N .Э + N Э .  
 

(2.26) 
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     ,    
. 

        
   2.27: 

 = ∙ , = ∙ , =  .  
 

(2.27) 

      
      .  , 

     : 
 . Э =  ;       

 . Э =  .   
 

     : 
 Э =  .  

 
       2.28: 

 Э = Э ∙ , = ∙ , =  .  (2.28) 

 
    ,   ё  

       . 
   ,    

      ,   
 ,   2.29, 2.30  2.31: 

 F . = . ∙  = =  ∙ ;⁄   
(2.29) 

 F . = . ∙  = =  ∙ ;⁄   
(2.30) 

 F = ∙  = =  ∙ .⁄   
(2.31) 

 
     ,     

 . 
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2.2.7   
 

       
        

       . 
         

 3.9. 
     2.2.2. 
 ,     : 

 N .Э = + =  . 
 

 2.2.6 – ё     

 
,  

 
,  

 
,  

 , 
 

   𝑵  𝑵  𝑵 е  𝑵  𝑵  𝑵 е  𝑵  𝑵 𝑵  𝑵 е  
1 825 83 25 184 6 0 155 5 0 458 14 46 0 
2 789 79 24 184 6 0 122 4 0 458 14 46 0 
3 727 73 22 184 6 0 99 3 0 444 13 44 0 
4 655 66 20 184 6 0 60 2 0 411 12 41 0 
5 593 59 18 184 6 0 59 2 0 350 10 35 0 
6 557 56 17 184 6 0 48 1 0 325   10 32 38 

7 557 56 17 184 6 0 58 2 0 315 9 31 38 

8 593 59 18 184 6 0 63 2 0 346 10 35 0 

9 655 65 20 184 6 31 70 2 26 401 12 40 0 

10 727 73 22 184 6 0 88 3 0 455 14 45 0 

11 789 79 24 184 6 0 122 4 0 458 14 46 0 

12 825 83 25 184 6 0 155 5 0 458 14 46 0 
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 2.2.2 –   

2.2.8 –       
  

 
       

       50% 
.       

2.32. 
 Э̅ = ∑ Э =   ∙ .  (2.32) 

 
–         

 ,   ,  ,  3. 
        
     2.2.3. 

 

0

100

200

300

400

500

600

700

800

900

1 2 3 4 5 6 7 8 9 10 11 12

P, 
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 2.2.3 –       

    
 
2.3   
 

       
 ,    2.3.1. 

  –      
 .       

 , ,      . 
        2.3.1: 

55,00

56,00

57,00

58,00

59,00

60,00

61,00

62,00

63,00

64,00

Z , 

t, 

 

11       12        1         2       3         4         5         6         7         8        9        10     11             

=63,00

=55,33



 
 

 2.3.1 –  ё      

    
 

 

  
ё  

 
 

 

   
 
 

 
 

 

  

Q, 
3/  

z  ,      
 

z  , 
 

H ,  
 

H , 
 H ,  H,  

Q, 
3/  H,  

Q, 
3/  

Q, 
3/  H,  

0 27,00 27,00 35,70 28,08 32,64 29,20 752 26,4 832 0,00 65,00 
50 28,12 27,97 34,58 27,11 31,67 29,00 757 26,00 826 34,30 65,00 
100 28,99 28,75 33,71 26,33 30,90 28,00 784 25,00 810   

150 29,67 29,38 33,03 25,70 30,26 27,00 813 24,00 793   

200 30,22 29,90 32,48 25,18 29,74 26,40 832 23,00 777   

250 30,68 30,34 32,02 24,74 29,30   22,00 760   

300 31,06 30,72 31,64 24,36 28,93 
350 31,40 31,04 31,30 24,04 28,60 
400 31,72 31,34 30,98 23,74 28,30 
450 32,01 31,61 30,69 23,47 28,03 
500 32,28 31,86 30,42 23,22 27,78 
550 32,55 32,10 30,15 22,98 27,54 
600 32,81 32,34 29,89 22,74 27,31 
650 33,05 32,56 29,65 22,52 27,08 
700 33,29 32,78 29,41 22,30 26,86 
750 33,51 32,99 29,19 22,09 26,65 
800 33,72 33,19 28,98 21,89 26,45 
850 33,92 33,39 28,78 21,69 26,25 
900 34,10 33,57 28,60 21,51 26,07 
950 34,27 33,75 28,43 21,33 25,89 
100
0 

34,43 33,92 28,27 21,16 25,73 
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 2.3.1 –    ё     
,     

 
 : = , , = , , 𝑖 = , = / , 𝑖 =  / . 

        
   ,      

      . 
      : 

 𝑖 = = , . 
 

 ,   ,   40 –
. 

 
  

20,00

22,00

24,00

26,00

28,00

30,00

32,00

34,00

36,00

0 100 200 300 400 500 600 700 800 900 1000 1100

H, 

Q 3/

Hmax=34,3

H =26,4 

Hmin=22

Qmax=832 ^3/
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 3 ,    
 

 
3.1      

 

 ,       , 
   ,    .   

     𝑖     , 
   ,     ё  

. 
   : 

− –  40 –  
− –   40 – . 

   𝑖 / .     
  : 

           𝑖 = , = , . 
 

 3.1.1 –      

 40 –  40 –  
H ,  40 40 

Hmin/Hmax 0,50 0,50 
nI 'opt, /  125 123 

QI 'opt, /  1020 1150 
  opt 0,913 0,904 

QI max, /  1 700 1 625 
 (QI 'max) 0,65 0,65 
D1 ,  0,460 0,460 

,  4 4 
t ,  0  10 20 

 
   ,     

 .       
 3.1.1.      D1   
     (3.1–3.9): 

−      
          N = . ∙ Q  ′ ∙ D ∙ H , ∙ η ∙ η .   (3.1) 

 
 Q'I  –     ; 

          –   ; 
          –  . 

−    
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           η = − − η ( − + √ ∙ √ ∙ √ ).   (3.2) 

 
   –   ; 
 D1  –   ; 
  –   ; 
 D1 –   ; 
  –    ; 

       ν , ν  –        
 ,         
 ; 

        𝜺 – ,       
  (𝜺=0,75). 

−    
           Z′ = .  (3.3) 

 
 N  –    (N  =161000 ) 
 Na  –  . 
−   

           ∆ = ηη .  (3.4) 

 
−    (     

 ) 
           n′ = I ′ √Δ ∙D .  (3.5) 

 
 n'I  –        

. 
−  ,     

 
          n  ′ = D∆′∙ i . ;  (3.6) 

          n  ′ = D(∆′∙ ) . ;  (3.7) 
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n  ′ = D∆′∙ a . . (3.8) 

 
−  ё        

 Q′  ∙ η = a, ∙D ∙ , ∙η  .  (3.9) 

 
         n'I , 

  Q′  ∙ η        
. 

−      
 Q′ ∙ η = a, ∙D ∙ a, ∙η  .  
 

−   
 Q′  = i∙D ∙√ i ∙Δ′ ;  
 Q′  = i∙D ∙√ a ∙Δ′. 
 

 40–       3.1.2.  
 

 3.1.2 –        
 40–  

D1 3 4 4,75 5 5,3 6 6,3 
η  0,918 0,921 0,922 0,923 0,923 0,925 0,925 
N'  

 
18,22 32,49 45,90 50,89 57,21 73,41 80,97 

Z'a  8,84 4,96 3,51 3,16 2,81 2,19 1,99 
Z a  10,00 6,00 4,00 4,00 3,00 4,00 2,00 
N  

 
16,1 26,8 40,3 40,3 53,7 40,3 80,5 

m 1,04 1,05 1,05 1,05 1,05 1,05 1,05 
nc' 218,64 164,24 138,43 131,54 124,13 109,72 104,52 

n  214,29 157,89 136,4 130,43 120,00 107,14 103,45 
n'Hmax 134,2 131,6 134,9 135,8 132,4 133,7 135,5 
n' Hp 122,5 120,2 123,1 123,9 120,8 122,1 123,7 

n'Hmin 104,5 102,5 105,0 105,7 103,0 104,1 105,5 
 

 40–       3.1.3.  
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 3.1.3 –        
 40–  

D1 3,75 4 4,5 5 5,3 6 6,3 
η  0,929 0,929 0,930 0,931 0,932 0,933 0,933 
N'  

 
27,54 31,35 39,72 49,08 55,18 70,79 78,08 

Z'a  5,8 5,1 4,1 3,3 2,9 2,3 2,1 
Z a  6 6 6 4 4 4 4 
N  

 
26,8 26,8 26,8 40,3 40,3 40,3 40,3 

m 1,04 1,04 1,04 1,04 1,04 1,04 1,04 
nc' 171,87 161,18 143,35 129,07 121,80 107,65 102,54 

n  166,67 157,89 161,18 125,00 120,00 107,14 100,00 
n' Hmax 130,7 132,0 151,5 130,5 132,7 134,1 131,4 

n' Hp 119,3 120,5 138,3 119,1 121,2 122,4 119,9 
n' Hmin 101,7 102,8 117,9 101,6 103,3 104,4 102,3 

 
      40– –

475, 40– –500. 
          

      
    3.1.4. 

 
 3.1.4 –         

 ′ ∙ 𝜼  ′ , 3/  𝜼  ′ ∙ 𝜼  ′ , 3/  𝜼  

40– –475 1,357 1520 0,902 0,853 1,23 0,904 
40– –500 1,241 1320 0,908 0,770 0,850 0,908 

 
3.2       
 

    ,   ё 
 ,    3.10: 

           𝑧 = 𝑧 + ;  (3.10) 
 

 𝑧  –          
   ; 

        –    –  ,  
  3.11: 

 = , − ∇ − 𝜎 ∙ − , + . ,                                                     (3.11) 

 
 10,3 –  ; 

       1,5 –  ; 
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  –  ,     
   ;  

 .  –        
,  –   ∆ .  = 0 

  –  ,      Z (Q ). 
 

    HS   
        

.    ,   
    , . .    

,  ,  : 
−        

Hmax  ё  ; 
−        H   

ё  ; 
−        

Hmin       . 
 

       40– –475: 
 max: 

           H = , − , − , ∙ , − , = ,  ; 
 

 H : 
            H = , − , − , ∙ , − , = − ,  ; 
 

 Hmin: 
            H = , − , − , ∙ − , = − , . 
 

     (3.12–3.14)   
   .      

–          
 . 

 H = Z  (Q H ) + H H 𝑖 ;  (3.12) 
 (H ) = Z  Q (H ) + H (H , );  (3.13) 

 H = Z  (Q H ) + H H . (3.14) 
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  40– –475: 

 Z H = , + , = ,  ;  
 Z (H ) = , + − , = ,  ; 
 Z H = , + − , = ,  . 
 

        
  Z = ,  . 

 
 3.2.1 –   

 𝑫 ,  𝒛  𝒄 , 
/  

, 

 
min,  ,  max,  

𝒛 ,  

 

40– –475 4,75 4 136,4 40300 –2,53 –5,53 1,21 24,45 

40– –500 5,00 4 130,43 40300 –0,99 –3,15 1,93 26,81 
 

3.3     
 

       
    [4].  ,   

  , –     ,  
         

 ,        
   +/–10%.       

    : –840/135–44,  
    3.3.1. 

 
 3.3.1 –    CB–840/135–44 

S
, 

 

, 
 

n
, 

/
 

co
s ϕ

 

η 

 
 

 
, 

 

 
 

, 
 

 
 

 

 

50 40 136,4 0,8 96,7  213,5 77500 1300  

 
    40 , ,  

    160 . 
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  40 –  – 475,  : 

−       
  ,   8 ; 

−     ; 
−    4 ,    

;  
−    . . .   ; 
−        . . . 

 
3.4     

 
       

.      .  
    . 

       3.15: 
 = , ∙ =  , ∙ . = ,  ∙ .                          (3.15) 

 
       3.16: 
 ∗ ( , ∙ [ ]) , = , ∙ , , = ,  .                                   (3.16) 

 
 [𝜏 ] = 35 –      . 

 
     = 0,75 . 

 
      

.         
: 

 = ,  ∙ ∙ = .  ∙ .  ∙ , =  . 

 
  .     

  = 0,77 ;   ℎ  = 0,3 . 
        

     3.17–3.20: 
 = ∙ℎ = , ∙ , = ,  ;                                                           (3.17) 

 
          [ ] = ∙ ;                                                                                               (3.18) 
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U = 
𝜋∙ ∙

 = 
.  ∙ .  ∙ ,

 = 11 /c;                                                    (3.19) 

 [ ] = ∙ , ∙ , ∙ , = ,  .                                                 (3.20) 

 
    < [ ] ,   . 

  .     
   = 0,75 ,     = 8. 

 
        3.21: 

 = + 𝛼+  𝛼 = + ∗ +  ∗ = ,  .                (3.21)  

 
 ,  –    ,    3.22: 
 = °𝑧 = ° = °.  (3.22) 

 
    ,    3.23: 

 = , ∙𝜋∙𝑧 = , ∙ , ∙ , = ,  .              (3.23)         

 
        
    3.24–3.25: 

 = ∙ℎ = ,, ∙ , = ,  ; (3.24) 

 [ ] = ∙ = ∙ = ,  . (3.25) 
 

    < [ ] ,    . 
 ,    ,   

 ,    ,    
    . 

 
3.5     ,  

      
 

      
  ё       .  

  ё      , 
       : 
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1.       
.   ,       

    υr .  
2.    (   )  

 , . . υur = const,  υu –   
    ; r –   .  

       , 
         , 

   . 
   ,    ,  .1, 

      
,    3.26–3.38. 

1.      𝜑  = 210°. 
2.       ,   

 3.26: 
 R = , ∙ = , ∙ , =  , .    (3.26) 

 

           3.     : 
 D = ,  ;, 
 = = , = ,  .                                                                                         (3.27) 

 
4.     : 
 D = ,   ;     
                    = = , = ,  .                                                               .                        (3.28)          

 
5.  : 
 
 = + , ∙ = , + , ∙ , = ,  .                      (3.29)         
 

          6.    : 
 
 = ,  , = ,  .                                                                       (3.30)          
 
7.    : 
 = , ∙ 𝑝∙𝜂 = , ∙ , ∙ , = ,  / .                                        (3.31) 

 
8.       : 
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 𝑖 = ∙ = , ∙ =  / .                                                               (3.32) 

 
9.    : 
 = = , = ,  .                                                                         (3.33) 

 
10.      : 
 = − + − ∙ − − tan °.                               (3.34) 

 
   = ,  .                                                          

 = − = , − , = ,  .                                                         (3.35) 
 

         
 ,  .1. 

 ё       𝜑 =𝑖 .     3.5.1. 
 

 
 3.5.1 –   𝜑 = 𝑖  

 
 3.5.2 –      

ϕ 0 15 30 45 60 75 90 105 120 135 150 165 180 195 210 

r 3,20 3,75 4,29 4,70 5,12 5,50 5,90 6,25 6,59 6,95 7,28 7,58 7,90 8,20 8,50 

 
11.     : 

 

0,00
15,00
30,00
45,00
60,00
75,00
90,00

105,00
120,00
135,00
150,00
165,00
180,00
195,00
210,00
225,00

3,00 3,50 4,00 4,50 5,00 5,50 6,00 6,50 7,00 7,50 8,00 8,50 9,00

𝜑

ri,



41 
 

′ = , ∙ = , ∙ , = ,  . (3.36) 
 

  ′ >  ,    
. 
12.   : 

 + 𝑥 = + , = , .                                                             (3.37) 

 
13.       : 
 = ′ +  = , + , = ,  .                                                 (3.38) 
 
3.6     

 
        

 ,      
.  
  40– –475   [4,  10.9,  144] 

   MH : MH  6,3/1 – 40 –  – 2. 
MH     6,3 3,    
   4,0 M  (40 / 2),     8 – 2, 

 8 3   . 
 
3.7    
 

   – ,     
    .    

100 .    [4],   
  –100–4, : 4 –   4–  

. 
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4   
 

4.1        
 

       
   .    

ё   , ,   
,  ,    

   . 
       

« »    220 .  
      

ё  :    ,   
 4.1.1. 

 

 4.1.1 –       
 
 

4.2       
 
4.2.1    

 
      –840/135–44 

  " ".    
   4.2.1. 

 
 4.2.1 –    –840/135–44 

  𝐔 ,  𝛗 𝛈 
  𝐒 ,  𝐏 ,  𝐱′′ 𝐱′  𝐱  

 40 10,5 ,  
 

0,967 0,23 0,30 1,03 
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4.2.2        
 

 
       ,   
 .  

        
      ,  

    . .   ,  
   %    .   
 4.1: 

   S = − . .φ = − · ,, = ,  ·  .                                             (4.1) 

 
 P  –  ( )  , ; P . . –    , ; cos φ –   , . . 

 
         

« »  –63000/220.     
 4.2.2. 

 
 4.2.2 –    Y–63000/220 𝐒 ,  

𝐔,  𝐔 , % ∆𝐏 ,  ∆𝐏 ,  , % 𝐔  𝐔  

      ,  

 
      

 ,     T    
  τ.     4.2−4.8: 

             τ = , + a · ;                                                                                   (4.2) 

             τ = ( , + ) · = .⁄  

 
     : 

 t = − T − ωT ,               (4.3) 
 

  –   ,1   ; T  –       , : T = ; ω –    ,   : ω = ,  / ; 
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T  –   –  , T =  . 
 t = − · − , · =  .  

 
    : 

 ∆W = n · ∆P · t ,                (4.4) 
 

 n  –    , n = ; ∆P  –    , ; t  –      , . 
 ∆W = · , · = ,  · . 
 

   : 
  ∆W = ∆ ·  · τ,                                                                                      (4.5) 

 
 ∆P  –    , ; n  –    ; S  –       , ; S   –   , ; τ –   , / . 

             ∆W = , · ( , ) · = ,  · . 
 

     : 
 = · ∆W + · ∆W ,               (4.6)         
 

 ∆W  –   , · ; ∆W  –    , · ; ,  –         
: 

 = , · −   . / · ; 
 = , · −  . / · . 
 

   1  : 
              = , · − · , + , · − · ,   = 
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= ,  . /  .                 (4.7)        
 

    (4  ): 
 = ·  = · , = ,  . / .            (4.8)

          
 
4.2.3       

  

 
        

     ,   
  : 

 S = ⋅ − . .φ = ⋅ − ∗ ,, = ,  · .                                    (4.9) 

 
         

« »   –160000/220.     
 4.2.3. 

 
 4.2.3 –    –160000/220 𝐒 ,  

𝐔,  𝐔 , % ∆𝐏 ,  ∆𝐏 ,  , % 𝐔  𝐔  

      ,  

 
  ,     

   ,   4.10−4.15: 
      : 

 τ = , + a · ;                                                                                (4.10) 

            τ = ( , + ) · = ⁄ . 
 

     : 
 

          t = − T − ωT = − · − , · =  .       (4.11) 
 

    : 
 ∆W = n · ∆P · t = · , · = ,  · .             (4.12) 
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   : 
           ∆W = ∆ ·  · τ = , · , · = ,  · .       (4.13) 

 
       1  

 : 
 

           = , · − · ,  + , · − · , = ,   . /
.                                                                                                                        (4.14)

     
 

    (2  ): 
 =  = · , = ,  . / .          (4.15)       

 
       

  .       
       

. 
 
4.2.4     
 

      
 ,      , 

   .      
 ,      

   . 
      4.16: 

 S . . = , ∙ Эφ  .                                                                                                (4.16) 

 
  : 

             S . . = , ∙ , = ,  ∙ . 
 

    «  »  
 –2500/10,5.      4.2.4. 
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 4.2.4 –    –2500/10,5 𝐒 ,  
𝐔 ,  𝐔 , % 𝐔  𝐔  

25 10,5 6 6,5 
 

4.3     , 
       

 
      4,17−4.22. 

 ,   , : 
            SΣ = − . .φ = − , ∙, = ,  · .                                              (4.17) 

 
       220 : 

 P . =  .  
 

     (220 ): 
 K = , .  
  

  : 
 cos φ = , .  
 

   220 : 
 n = −· P .φ + ,                                                                                                     (4.18) 

 
 K −     ,   

 220  ,  = 1,2. 
         P . −       220 . 

      : 
  n = − , ∙, · , + = , ≈ .   
 

   220 : 
            I = Σ·√ · = ·√ · = ,  .                                                             (4.19) 

 
ё    220 : 
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I = I · · τ,               (4.20)       
 

  – ,      
, = , ; 

  τ =  – ,      
; 

 I = ,  · , · = ,  . 
 

       . 
   220    – j = ,  / : 

            F = I j = ,, = ,  .                                                                      .  

    .   
  I =  ,  : 

            I . = Σ− ·√ · = ,− ·√ · = ,  .                                              (4.22) 

 
  : 

 I > I . ; 
   > ,  . 
 

    .  
         

,     – 300/48.    – 300/48 
   4.3.1. 

 
 4.3.1 –     – 300/148 
   

  /  𝐱  /   /  

 ,  ,  , · −  
 
 

4.4        –  
 

 
     

,      
  .  –    

  4.23−4.25. 
   : 
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 K = n ∙ K + m ∙ K + t ∙ K Э,                     (4.23)       
 

 K  –    (173,11   –    
 ; 275,80  . –    ё  .);  K  –     (7,43  ); K Э –   (189,04  );  n –   ; m –    ; t −       . 

       :  
 K = ∙ , + ∙ , + ∙ ,  = ,  . .       

 
       : 

 = ∙ , + · , + ∙ , = ,  . .         
 

       
 : 

 = ∙ + ,                              (4.24)       
 

 = 0,15 –    
 

       : 
 = , ∙ , + , · − ≈ ,  . .  
 

       : 
 = , ∙ , + , · − ≈ ,  . .  
 

  :  
 = − ∙ %,                        (4.25)       

 = ,  − ,  , ∙ % ≈ %.  
 

  ,     ,   
     , 

     .  
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4.5       
 

 
   – 220   6 (2   4 ).  

        13  
    .    

    4.5.1. 
 

 

 
 4.5.1 –    220 :  

 
4.6 ё         

      «RastrWin»  
  

 
4.6.1 ё    
 

      4.26−4.35. 
 : 

            X = = = ,  ;                                                                          (4.26) 

 



51 
 

           R = Xω∙ a, = ,∙ , = ,  .                                                                   (4.27) 

 
           : 
 = E′′ ∙ U . = , ∙ , = ,  ;                    (4.28)      
             x = x′′ ∙ = , ∙ ,  = ,  ;                                                         (4.29) 

            R = Xω∙ a, = ,∙ , = ,  .                                                                   (4.30) 

 
  : 

            X = ,% ∙ = ∙ = ,  ;                                                       (4.31) 

            R = ∆P ∙ = ∙ = ,  ;                                                           (4.32) 

            k = = = ,  . .                                                                                  (4.33) 

 
 : 

 X = X , ∙ L = , ∙ = ,  ;           (4.34)       
 R = R , ∙ L = , ∙ = ,  .           (4.35)       
 

 

4.6.2        ё  
         

  «RastrWin» 
 

  «RastrWin»         
.   4.6.1     .   

4.6.2     .   4.6.3  
   .  
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 4.6.1 –     

 

 
 4.6.2 –     

 

 
 4.6.3 –     

 
 ё       4.6.4, 4.6.5, 4.6.6 

    4.6.1. 
 

 
 4.6.4 –   3      
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 4.6.5 –   3     
 

 
 4.6.6 –   1     

 

 4.6.1 –  ё     
    I ,  i ,  

ё   
 1 13,53 34,44 

 – 110  5,77 14,28 
   – 110  8,64 21,38 

 
      4.36: 

 i = √ k I ,                         (4.36)
            

 k  –    / ,  k = ,   
   k = ,     220 . 

 
4.7  ё     ё   
 

       
     .  

       
        5% . 

   4.37−4.38: 
             I , = .√ ∙ . ∙ = ,√ ∙ , ∙ , = ,  ;                                               (4.37) 

 I ,  = , ∙ I , = , ∙ , = ,  .                   (4.38)
        

 
       

 4.39: 
 I   = , ∙ ,√ ∙ , = , ∙ ,√ ∙ = , .                                            (4.39) 

 
        220 , c   

 4.40: 
            I . = ∑∙√ ∙ = ∙√ ∙ = ,  .                                                      (4.40) 
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  ,    4.41: 
             I . = ∑− ∙√ ∙ = ∙√ ∙ = ,  .                                               (4.41) 

 
 

4.8      
 10,5  

 
        

          , 
  . 

       
 : 

 
1.   : 
 ;                                                                                                                (4.42)  
  ,  ,  .  
 

 . 
 

          2.   : 
  ;                                                                           (4.43)  
 , ,   ,  ,  .  
 

 . 
  

 3.    : 
 . .;                                                                                                (4.44) 
 ,  ,  .    
 

 . 
  
4.      : 
 𝑖 𝑖 . = √ ∙ ∙ . .;                                                                (4.45)   
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 ,  𝑖 . = √ ∙ , ∙ ,  ;  
  , ,  .  
 

 . 
 
5.      (     4): 
 √ ∙ + 𝑖 √ ∙ . . ∙ + ;                                                   (4.46) 
 √ ∙ , + , √ ∙ , ∙ + , ;      
 ,  ,  .   
 

 . 
                                                    
6.   : 
 , 𝑖 𝑖 ;                                                                                     (4.47) 
 ,  ,  , ,  ,  .    
 

 . 
                                             
7.   : 
 = , ∙ . + , ∙ ;                                                            (4.48) 
 = , ∙ , + ,  ∙  ∙ ;        
 ,  ∙  ∙ .              
 

 . 
     
8.      : 

 . 
 

     «ABB»  
 ,     HGI 2 –17,5–

50/6300.      4.8.2. 
 ё        4.8.1. 
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 4.8.1 − ё      HGI 2 –17,5–
50/6300. 

№ /  
ё  

 

 
 

      −, − /
 

 ,   ,     
 

 ,   ,      
 

 ,   ,   . .  
 

 ,   ,   𝑖 𝑖 .  
  

 

 ,   ,   √ ∙ + 𝑖 √ ∙ . . ∙+  
 

 

 
,  ; ,   

,  ;   
, 𝑖 𝑖   

 

 ,  ∙   ∙  = ∙   
 

 – – 
  

 
   

 
 

 
 4.8.2 −   HGI 2 –17,5–50/6300 

   
1.  ,  ,  
2.   ,  ,  
3.  ,  ,  
4.   ,  ,  
5.     : 

−   (   ), 
 

−     
,  

−    (   
)    ,  

,  
 ,  
 ,  
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  4.8.2 

 
      : 

 
1.   : 
 ;                                                                                                  (4.49)  
  ,  ,  .  
 

 . 
 
2.   : 
  ;                                                                           (4.50)  
 ,  ,   ,  ,  .  
 

 . 
 
3.   : 
 , 𝑖 𝑖 ;                                                                                   (4.51) 
 ,  ,  , ,  ,  .   
 

 . 
                                                
4.   : 
 

   

6.      : 
−   (   ),  
−     

,  
   (   )  

  ,  

 
 

125,0 
 
 

50,0 
 
 

 
7.   , ,   0,03 
8.   , ,   ,  
9.    , ,   ,  
10.      ,  ,  
11.     ,  ,  
12.  ,  110/220 
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∙ ;                                                                                            (4.52) 
 = , ∙ , + ,  ∙  ∙ ;          
 ,  ∙  ∙ .     
 

 . 
         

    «   
»   ,     − − ⁄  .  

  − − ⁄     
 4.8.3.  

 ё        4.8.3.  
 

 4.8.3 − ё      − −⁄   

№ /  
ё  

 

 
 

    − −⁄   

 ,   ,     
 

 ,   ,      
 

 
, ; ,  

,  ;   
, 𝑖 𝑖  

 
 

 ,  ∙   ∙  = ∙   
 

 
 4.8.4 −   − − ⁄  . 

   
1.  ,  ,  
2.   ,  ,  
3.  ,  ,  
4.   ,  ,  
5.   ,  ,  
6.     , : 

−    
−   

 ,  ,  
7. ,   

 
    , 
      .    

,      .  
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,    ,    
4.8.5. 
 

 4.8.5 – ,     
    

 
 

 
RS −     « – » 

  
 

RS −     « – » 

     
 

  
 

RS −     « – » 

   
 

RS −     « – » 

     
 

4.9      
 

       
: 

 
1.   : 
 ;                                                                                                   (4.53)  
  ,  ,  .  
 

 . 
 

          2.   : 
  ;                                                                          (4.54)  
 ,  ,   ,  ,  .  
 

 . 
 
3.   : 
 , 𝑖 𝑖 ;                                                                                   (4.55) 
 ,  ,  , ,  ,  .    
                                                 

 . 
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4.   : 
 ∙ ;                                                                                            (4.56) 
 = , ∙ , + ,  ∙ ,  ∙ ;    
 ,  ∙ ,  ∙ .      
 

 . 
 
5.  : 
 , ≈ + + ;                                   (4.57) 
 

 . 
    " ",   

  − Э − − / .   
    4.9.2.  

 ё        4.9.1.  
 

 4.9.1 − ё       −Э − − / . 
№ /  

ё  
 

 
 

    
 

 − Э −− /  

 ,   ,     
 

 ,   ,      
 

 
,  ; ,   

 ;   
,   𝑖 𝑖  

 
 

 ,  ∙   ∙  ∙   
 

 − − 
, ≈ ++  
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 4.9.2 −    − Э − − / . 
   

1.  ,  ,  
2.   ,  ,  
3.   ,  ,  
4.   ,  ,  
5.  ,   
6.   ,    

7.     = , : 
−   , ∙  
−   , ∙  

 
 ; ; ; ;  ; ; ; ;  
 

8.  : 
−    
−    

 , ;  , ;  , ;  ,     
9.      

   
;  ;  ;   

10.     
    

;  ;  ;   

11. ё    ,   
    

,  

 
      

 : 
1.   : 
 ;                                                                                                (4.58)  
  ,  ,  .  
 

 . 
 
2.    . 
 

 . 
 
3.    . 
 

 . 
 

    " ",   
  − Э − .  

      4.9.4.  
 ё        4.9.3.  
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 4.9.3 – ё       − Э − . 

№ /  
ё  

 

 
  

 
  

 − Э −  
 ,   ,      
 − − −   
 − − −   
 

 4.9.4 –    − Э − . 
   

1.    ,  ,  
2.    ,  , /√  

3.     
,  

, / ;   

4.  ,   
5.      

 
, ;  , ;  , ;  ,  

6.      ;   

7.      / / −  
8.   (   ) 

   
 

 
      ,   

     −     
« ». 
 

4.10    
 

   ,   
      

(   SF6)      
 .      ELK–14 

   «ABB». 
  ELK–14      

 : ,   , 
   , ,    

 ,  ,   
   .  

     4.10.1. 
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 4.10.1–     
 ,  220 

  ,  253 
 ,  50 

    
50 ,  

460 

   
,  

1050 

 ,  3150 
    50 

    ,  3 
  ,  135 
  ,  50 

   ,  40/50 
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5.       
 

 
 ,     

      5.1, 5.2, 5.3. 
 

 5.1 –   
  840/135 44 

 ,  
 50,0 

 40,0 
 ,  10,5 
  cos φ 0,8 

,  50 
 , /  136,4 

  ,  2,75  
    ,  0,98 

      
,  

220 

  
   ( . .) 

  Xd 1,03 
  X'd 0,3 

  X"d 0,23 
 

 5.2 –    
 –63000/230 

 ,  63000 

 ,  230 

  ,% 12 

  /  

 

 5.3 –     
  2500/10 

 ,  2500 

 ,  10,5 

  , ,% 6,5 

  /  

 
5.1     

 
           

 . 
     840/135 44 – 50,0 : 

−       
         ; 
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−      (100%)   ; 
−        ; 
−    ; 
−       

      
; 

−     ; 
−      ; 
−        ; 
−        ; 
−     ,   

; 
−     ( ) ; 

    –63000/220: 
−       ; 
−  ; 
−         
   220 ; 
−     ( –220) 
−    ; 
−        10,5   
; 
−         
;  
−     ; 

   : 
−        
−  ; 
−   ; 
−        

 
−    
−    

   220 : 
  : 
− –       . 
  : 
− 5–       ; 
−        

  ; 
− 4–          

( ); 
−        220  

  220 . 
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    – 1000/10 –  – : 
−      ; 
−  ; 

 
5.2 ё   . 

 
       

   ,     
5.1−5.7.      5.2 

     :  

 
 

 5.2 –   

 = √ ∙ = √ ∙ , =   .                                                                (5.1) 

 
     , 

ё      .:  
 = ∙𝐾𝐾 = ∙/ = ,  .                                                                      (5.2) 

 – 𝐾 = / ,       10%, 
         𝐾 = . 
 

    : 
             = =  . 
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     : 

 = √ ∙ = √ ∙ = ,  .                                                                   (5.3) 

 
    , ё     

 :  
 = ∙𝐾𝐾 = , ∙/ = ,  .                                                                      (5.4) 

 – 𝐾 = / ,       10%, 
         𝐾 = . 
 

       
: 

  = 𝑇𝐸√ ∙ 𝑇𝐸 = √ ∙ , = ,   .                                             (5.5) 

 
       

, ё      :  
 = 𝑇𝐸𝐾 = ,/ = ,  .                                                                          (5.6) 

 – 𝐾 = / ,   (4–5)∙ , 
 

        
: 

 

_ = ∙ ∙𝐾𝐾 ∙∙ = ∙ , ∙ ,/ ∙ , = ,   .                                                               (5.7) 

 
5.3.    ё    

 
5.3.1    

 
         
    .     

5.8: 
            , = , ∙ =   .                                                                        (5.8) 
 

    ,  
   5.3.1 
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 5.3.1 –      –2 –

210–1100–2,5 4 ,  ,  ,  ,  
1100 2000 210 480 

 
       

        
,         . 

      5.3.2. 
 

 5.3.2 –    –  – 1000/10 
–  –  

 ,  ,   ,  ,  , % 

839 10,5 0,475 1250 6 
 

        
,   5.9.      
    ,   5.10: 

 = 𝑇𝐸√ ∙  = √ ∙ , =   .                                                         (5.9) 

 
 = ∙ = ∗ , = ,  .                                                                         (5.10) 

 
  –  ,  2000 ; 
 –  , 0,816;   –  ,    , 

1020 ; 
       

  5 .,        
 60%  120 ,     

      . 
 ё     . 
       

     (  K1)   5.11.  
    5.3.1: 
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 5.3.1 –      K1 

 ′′ = ′′′′ ∙ =  , ∙, =  .                                                           (5.11) 

      K1,  5.12: 
 ′′ = √ ∙ ′′ =  √ ∙ =  .                                                      (5.12) 

 
       (  

2),    5.13,     
.      5.3.2: 
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 5.3.2  –      K2 

 𝑖 = / √ ∙%  ∙ % =     √ ∙ ,  ∙ % =  .         (5.13) 

 
     2,     

 ,  5.14: 
 𝑖 =  √ ∙ 𝑖 =  √ ∙ = ,  .                                                                (5.14) 

 
         

5.15: 
 = ∙ ∙ ∙∙ ∙ = , ∙ , ∙ ∙ ,, ∙ ∙ , / , = ,  .                                              (5.15) 

  –    (1,2) ;  –    (2,5) ;  –      
 (  );  –     ,  

 –       (0,8) ; 
           –    ; 
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 –    . 
 

        , 
     : 

 
 = ,    
 

  ,  
   5.16: 

 𝐾 . =  𝑖 ∙ = ,∙ , = , .                                                                         (5.16) 

 
        

     ,       
   ,    

.  ,    
         , 

    2. 
    :  

       5.17: 
 . = 𝐾 ∙𝑖𝐾 = , ∙ = ,  .                                                                    (5.17) 

 
 – 𝐾        (1,4). 

 
    ,  5.18: 

 = ∙ / √ ∙𝐾  ∙ % =     ∙ √ ∙ ,⁄  ∙ % = ,  .       (5.18) 

 
          

 : 
            =  . 
 

   ,   5.19: 
 𝐾 . =  ′′ ∙ = ∙ = , > .                                                                     (5.19) 
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5.3.2     (I∆G) 
 

      
 < , ∙    

        . 
        

          
 . 

  : =  . 
   : 𝜂 = /  . 

1)        
  .  .      

      ,   
 5.20: 

 = ∙ 𝑖 ∙ = , ∙ , ∙ = , ∙ , ∙ = ,  .           (5.20) 
 

 = ,  –    ;  𝑖 = ,  –    . 
         

5.21: 
 . 𝐾 ∙ = ∙ , ∙ = , ∙ .                                                      (5.21) 

 𝐾 =  –  . 
 : 

 
 . = , ∙ /𝐾 = , ∙ =  . 
 

         
 ё      𝐾 ,   5.22: 
 . 𝐾                                                                                                       (5.22) 
  .  
 

        
 .      

       , 
     − %:  

        
 5.23:  

 

∗ = 𝐾  . . = , 𝐾 .                                                                                   (5.23) 
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∗ = 𝐾  . . = , ∙ = , , . . 
 

2)   𝐾      
    .  𝐾     

    ,   
     . 

       
 :   

 = ∙ 𝑖 ∙ ∙ .                                                                          (5.24) 
 =  –   ;  𝑖 = ,  –    ; = ,  –     (0,5–  

 , 1,0   ); 
 –         

        
; 

 = ′′𝑥′′ ∙ =  , ∙, =  . 
 

 𝑞′′ –         
, . ,    5.25: 

 𝑞′′ = √ φ + 𝑖 φ + 𝑥′′ =√ , + , + , =1,15.     (5.25) 
 

 ,      (5.24): 
  = ∙ , ∙ , ∙ ,, ∙ =  . 
 

     5.26: 
 𝐾 >  ∙𝐾 ;                                                                                                         (5.26) 

 = √ . ∙ . − ∙ ;                                                   (5.27)          
 

 = ° ÷ ° –       
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= √ ∙ − ∙ =  ; 
 𝐾 > ∙ ; 
 𝐾 > , .  
 

 𝐾 =  –  ;  
 𝐾 = , . 

3)       5.28 
(      ): 

 = ∗ = , , = , .                                                                                        (5.28) 

 
4)        

.       5.29: 
 ∗ = , , = , .                                                                                          (5.29) 

 
     = 1,5 (    

). 
        
   ,      

: 
 = − ∙ = ∙ =  .                                                      
 

  5.3.3    
  . 
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 5.3.3 –    

  
 

    ,  ,  
   –       

. 
 
5.3.3         (UN 

(UO)) 
 

  100%    , 
         

    . 
      : 

1)   (U0)      
  U0   85–95%     
  ; U0     

 3U0    ,  
 «  ». 

       
       

     
     Э . .      

 . 
  Э . .     ,  

 . 

0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0,9

1

0 0,2 0,4 0,6 0,8 1 1,2 1,4 1,6 1,8 2

I∆, . .

I , . .

 

26,7°I .
0

I
B
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    ,  
      

  5.3.4. 

 
 5.3.4–     ,  

     
 

 –        ; 
 –        ; 
 –      ; 

 –    
     : 

       
 5.30: 

 Σ = + + + = , + , + , + , =, ,                                                                                                                  (5.30) 

  Э . = ∙ ∙ 𝜇𝜇 + Σ,                                                                                 (5.31) 

, 
 

 – ,       
 .       

,    , = , ; 𝜇  –         
 , 𝜇 ; 
 –         

   ,    5.32: 
 = ∙  √ =⁄ ∙ √ = ,  .                                               (5.32) 

 
     ,  

  5.33: 
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 = , ∙ ∙ 𝜔 ∙ Σ = , ∙ , ∙ ∙ ∙ , ∙ − = ,  .  (5.33) 
 

       
    220 ,    5.34: 

  Э . . = , ∙ ∙ ,, + , = ,  .                                              (5.34) 

 
      5.35: 

 ∙ ∙  Э . ,                                                                                          (5.35) 

 ,, ∙ ∙ ,,√ ∙ , = ,  , 
 , , 
 = ,  –  ; 
 –   ; = ,  –  . 

       
,     5  20 . 

  :   5    
  9,0    ;     10   
  0,5      , 

       –  . 
2)        

          30%  
    . 

         1 
 3. 

          
  𝐾 : 

 = + .                                                                                                                   (5.36) 

 
 𝐾 = ,        30,3 %  

   . 
    0,5      

,        –  
. 
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5.3.4     (U1>), (U2>) 
 
1)   U2>    5.37: 
 = , ∙ = , ∙ / =  .                                                                      (5.37) 

 
2)         
  U1>  , ∙ ,      

     . 
U1>        . 

 U1>    5.38: 
 = , ∙ = , ∙ / =  .                                                                   (5.38) 

 
  ,       

   220      , ∙ . 
    0,5      

,  . 
 
5.3.5      

      (I2) 
 

      
       

       
,         

. 
       ∗ , 

 5.39: 
 ∗ = .                                                                                                                       (5.39) 

 
 –       ,  

–      . 
      

     5.40: 
 = ∗ .                                                                                                                 (5.40) 

 
 =  – ,  – . 
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    : 
1)          
        

(   ). 
   : ∗ = , ; = , ∙ . 

2)         
        

 .       
       =   .          

   5.3.3 
 

 5.3.3 –         
 

 6,3  10,5  13,8  15,75  
 40 30 20 16 

T ,  800 700 600 500 
 

 : 
 

∗ = √ = √ = , .                                                                                     (5.41) 

 
    5.42: 

 ∗ = ∗ = , , = , ,                                                                                 (5.42) 

 = ,  –  . 
 = , ∙ /𝐾 = , ∙ / = ,  .                                 (5.43) 
 

         
  ,  ∗ : 

 = , ≈   

 
3)       

,         
 ,   5.44: 

 = ∗ ;                                                                                                                 (5.44) 
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= = ∗ ∙ . 
 

      
     5.3.4. 

 
 5.3.4 –      

   
 

   
  -

 I 2/I  
1,0 0,6 0,5 0,4 0,3 0,2 

 ( ) 30 83 120 188 333 750 
 

     
      

   (I2)    5.3.5. 
 

 
 5.3.5 –      

      
   (I2) 

 
       
 : t . = 0,5  (   ), t . = 750 

. 
       

     .   
 ,        
   0,135   ,    

«  » (I )      10  999 .  
    –  (t = 66 ). 

4)          
          
     . 

0

100

200

300

400

500

600

700

800

0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1 1,1

t, c

I 2/I
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       : 
1.         

 ; 
2.        

   B . 
3.          

 BJI. 
  :       

       
. 

  : 
         

220           
 . 

 ∗ . . .                                                                                               (5.44) 

 
        

   5.45: 
 = √ ∙∑ 𝑋𝐾 = ∙√ ∙ , = ,  ,                                                         (5.45) 

 
  ∑ 𝐾 = + = , + , = ,  ; 

 =  ′′ ∙ 𝐺 = , ∙ , = ,  −    
   ; 

          = ∙ = , ∙ , = ,  ̇  –   
   ,     . 

 = = , = ,  –    
; 

 = % ∙ = ∙ = , −  . 

 
        

      5.46: 
 

 = ∙√√ ∙ ∙ = , ∙√√ ∙ ∙ , =  .                                         (5.46) 

 
      :  

 
 . . = , =  . 
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   : 

            . .∗ = . . = = ,  . . 
 

 ,     . .∗ = ,  . . 
  :      

      .    
        

. 
     8,0     220 , 

   8,5     220   
 ,    9,0     

   . 
 
5.3.6      
 

       
.           

  : 
1)  ,      

          
 . 

      5.47: 
            = 𝐾 ∙𝐾 = , ∙ , = ,  ,                                                                 (5.47) 

 
 𝐾 = ,  –  ; 𝐾 = ,  –  . 

  = ,  . 
 

   : 
        ∗ =  = ,, = ,  . .                                                                         (5.48) 

 
2)  ,       

        . 
      5.49: 

             = , ∙, = , ∙ , =  .                                                                 (5.49) 
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 ∗ =  = , = ,  . .                                                                       (5.50) 

 
3)       . 

      
   ,    5.3.5: 
  –  : 

 =  ; 
 𝑖 =  .  
 

 5.3.5 –   ,   
     

 

 
  1,1 1,15 1,2 1,25 1,3 1,4 1,5 2,0 2,2 

 
 ( ) 

 
3600 1200 450 340 280 160 80 5 5 

 
      

     5.3.6. 
 

 
 5.3.6 –     

     
 

        
  ,  . 

      
   0,01 . 

0

500

1000

1500

2000

2500

3000

3500

4000

1 1,2 1,4 1,6 1,8 2 2,2 2,4

t, c

I/Iн
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4)   ,     
       . 

  ,    5.51:  
             = ,  ∙, = , ∙ , =  ,                                                                  (5.51) 

             ∗ =  = , = ,  .                                                                           (5.52) 

 

        <. 
     5.53: 

             = , ∙𝐾 ∙ = , ∙, ∙ =  .                                                                 (5.53) 

 
     8,0     220 , 

8,5      220    ,  
  9,0        

. 
 
5.3.7    < , <  
 

         
       

    . 
     ,   I  

II     III  IV    
. 

1)        
       1 ,   5.54. 

         
  ,    . 

       220   
 . ,    220 ,   : 
)        220   

 –  : 
              , ∙ + ,𝐾 ∙ ′ = , ∙ , + , ∙ , = ,  ,   (5.54) 

 
 𝐾  – , ,   ; 

 –  ,     
220 ; ′ = ∙ = , ∙ = ,   –   220 . 
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        = , ∙ = ,  . 
 

  ,     
: 

 

           . . , ∙ , ∙ + , ∙ ∙ , = , , 
 

      5.55: 
 

           =  . . ∙ = , ∙ , = ,  ,                                                  (5.55) 
 

 = = , = , . 
 
   5.56,  : 
            =  ∙ = , ∙ ⁄, ,⁄ = ,  .                                                  (5.56) 

 
  = ,  . 

      0,5    
  220    ,    1,0  

       ,    
 . 

1)  ∆         
    .   ∆ ,      ,    , 

 , ∆ = − . 
2)  ∆ =  

3)        
       . 

       
 5.57: 

 

           = √ ∙ = , ∙√ ∙ = ,  ,                                                              (5.57) 

 
 –   , . 

 
       

         
 ∙ . .       , ∙  (   

).     5.58: 
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         = ∙𝐼 .𝐼 . . . − , = ∙ − ,, = , ,                                                                      (5.58) 

 . . . –    , ; 𝑥  –       . 
          

  , ∙ . 
        

 5.59: 
           . = , ∙ = , ∙, = ,  . .,                                                                (5.59) 

           𝜑 . = , ∙ = ,, ∙ , = , ,                                                              (5.60) 

 
      𝜑 . = , °. 

        
5.61−5.62: 

               , . = . = , , = ,  . .,                                                                (5.61) 

              =  , . ∙ = , ∙ , = ,  .                                              (5.62) 

 
  : 

              = . .𝐼𝐼∙ = , ∙ // = ,  ,                                                        (5.63) 

 
  = ,  . 

       
  20%.     = . , = ,  . . 

         
    . 

      8,0    
220 ,  8,5  –     220    

,    9,0       . 
      

 5.3.7. 
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 5.3.7  –     
 

5.3.8      
 

       
.        .  

   : 
1)  ,      

          
 .      

 5.64: 
 

            . = ∙ 𝑇𝐸_𝐾 = , ∙ , = ,  .                                                       (5.64) 

 
2)  ,       

        . 
      5.65: 

              . = , ∙ 𝑇𝐸_, = , ∙ , = ,  .                                                       (5.65) 

 
3)  ,       

,    ,     
 ,  . 
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 5.3.6 –     
 

 
  1,1 1,15 1,2 1,25 1,3 1,4 1,5 2,0 2,2 

 
 

( ) 
 250 180 160 120 90 72 45 20 

 
       

    5.3.8. 
 

 
 5.3.8 –     

     
 
4)   ,     

       .  
     5.66: 

  . = , ∙ ., = , ∙ , = ,  .                                                       (5.66) 

 
     3,0 .   

   ,  . 
 

5.4     –  
 

   ,      
        

       
« ».     

0

100

200

300

400

500

600

1 1,2 1,4 1,6 1,8 2 2,2 2,4

t, c

I/I
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      ,   
 .  

       
 ,    

          
       .  

      
    ,   

     –  
ё    . 

 
5.5.       

 
        , 

 .1, .2 . 
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6     
 
6.1    
 

c       
    . 

          
 .      ,   

 36 .  ,    II . 
        

   .  
      = ,   
 III . 

 ,       
   2575 ,   II   

. 
 ,      

    II . 
 
6.1.1      
 

    : 
 ∇  = ∇ + h ,                                                              (6.1) 
 

  h  –         . 
 ∇  = , + , = ,  . 

 h = h % + ∆h + a,                                                                      (6.2) 
 

 h % –      ;  ∆h  –   ;  a −   a =0,5 . 
 

 h = , + , + , = ,  . 
 
6.1.2 ё     

 ∆h =  K ∙  ∙∙ ∙ cos ,                                                                              (6.3) 
 

 V =   /   –  ; K  – ,    . 
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 K  =  ∙ + , ∙ V ∙ − ;                                                                      (6.4) 
 

                K  = ∙ + , ∙ ∙ −  = , . 
             ∆h = , ∙ ∙, ∙ = ,  . 
 

     : 
            d = ∇ −∇ = , − , =  .                                                            (6.5) 

 
  : 

             = , ∙ = , .                                                                                           (6.6) 

  = , ∙ = .                                                                                      (6.7) 

 
 t = 6  = 21600  –     . 

  ,  .1,    
:            − я gLV = , :             ghV = ,  gTV = , . 

            − я gtV = :             ghV = , ; gTV = , . 
 

      :             ghV = ,  gTV = , . 
  :  

             T = , ∙ = , ∙, = ,  .                                                                                (6.8) 

 
  : 

  h = , ∙ = , ∙, = ,  .                                                                       (6.10) 
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  : 

             = = , ∙ ,∙ , = ,  :                                                                             (6.11) 

 d >  , ∙ .                                (6.12) 
 > , ∙ , = ,  −  , . .  . 

   1 % : 
 h % = h ∙ K = , ∙ , = ,  ,                                  (6.13) 
 

 K  − ,    ,  .2   
 (   ).  K = , ; h –   . 

    1% : 
 h %  =  k  ∙ k  ∙ k  ∙ k  ∙ h %;                                       (6.14) 
            h %  = , ∙  , ∙  ,  ∙ ,  ∙  ,  =  ,  , 
 

  k   k  −     , 
 ;   k  = 1,00 k  = 0,90    ,  

 ; 
 k   − ,   m = ctg φ =1,5  V = 16 / , k   = 1,10;  k  − ,    ,  .3. 
 
            λ % = ,, = , ,                                                                                                    (6.15) 

 
 k  = 2,40. 

 
         

  : 
 
 ∇ =  ∇ + ℎ % + ∆ℎ + ,                              (6.16) 

 
 a−  ,    ,   0,6  II           

 . 
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          ∇ =  , + , + , + , = , . 
 

6.2  ё  
 
6.2.1     

 Q = ,  / ; 
 Q = ,  / ; 
            = , ∙ −∆ ∙ŋ = , ∙ , − , ∙ , =, ⁄ ,                                                                                                                         (6.17) 

 
 N =   –   ;  ŋ = ,  % –  . 

 = ∇ − ∇ = , − , = ,  ,                                    (6.18) 
 

 ∇  = 35,60  –     1 %. 
 Q Э = Q ∙ m = ,  ∙ = ,  / .                    (6.19) 
 m = Z − = − = .                                      (6.20) 
 

  > H =  ,     
 . 

             Q = Q − (Z − ) ∙ − + ,                                         (6.21) 

 
 Q  –     1% ;         –     ;         −   ;          −     ;        t  –      . 

  Q = , − ∙ , − , + , ∙ = ,  / . 
 

    : 
 q = V ∙ h = , ∙ , = ,  ⁄ ,                                            (6.22) 
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 V  −    ,     
,   ; h = ,   −     ,    ∇ = Q   Q = ,  / . 

 h = ∇ − ∇ = , − , = ,  ,                           (6.23) 
 

   : 
 q = , ∙ q = , ∙ , = ,  / .          (6.24) 
 

  : 
 = = ,, = ,  ≈ .                                                                 (6.25) 

 
 , : n = 3 −  , b = 9 –  . 

 
6.2.2     

 
         – ,   

     : 
            H  = ( B√ ) / = ,, ∙ ∙√ ∙ , / =  , ,                             (6.26) 

 
 m = 0,49 –         

       ; B =   –   . 
 H  = (  σ B√ ) = ,, ∙ , ∙ ∙√ ∙ , = ,  ,                        (6.27) 

 
 σ = 1   ; −   ,    ,  

  (6.26). 
            = − , ∙ + − ∙   ,                                                                    (6.26) 

 
  −    ,  0,7;  

− ,      , . .   
      0,45; 

n −  ё ;  
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b −  . 
             = − , ∙ ( , + − ∙ , ) ∙ , = , ,  
 

           V : 
 H = H  − α = , − , ∙ ,∙ , = ,  ,                                 (6.27) 

 V =  ∇ −∇ ∙ B+ − ∙                                                                                (6.28) 

 
  = 3  −  . 

            V = ,, − , ∙ + − ∙ = ,  

 
         

 , H =  . 
  : 

 ∇ = ∇ − H = , − , = ,  .          (6.29) 
 

  : 
 ∇ = ∇ + , ∙ H = , + , ∙ , = ,  .                  (6.30) 
 

        ∇ = ,  , ∇ = ,    ∇ = ,  ,   ∇ =,  . 
 
6.2.3    ё     

ё   
 H  = (            B√ ) / = ,, ∙ ∙√ ∙ , / = ,  .                       (6.31) 

             Q = Q − (Z − ) ∙ − + ,                                       (6.32) 

 
 Q  –     0,1% ;        –     ;         −   ; 
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         −     ;        t  –      . 
 Q = , ∙ −∆ ∙ŋ = , ∙ , − , ∙ , =, ⁄ ,                                                                                                                      (6.34) 
  Q = , − ∙ , − , + , ∙ ,  / . 
 H  = (  σ B√ ) = ,  , ∙ , ∙ ∙√ ∙ , = , .                               (6.35) 

 = − , ∙ + − ∙   ;                                                                     (6.36) 

 = − , ∙ ( , + − ∙ , ) ∙ , = , ; 
 H = H  − α = , − , ∙ ,∙ , = ,  ;                                      (6.37) 

 V =             ∇ −∇ ∙ B+ − ∙ ;                                                                          (6.38) 

 V = ,, − , ∙ + − ∙ = , c⁄ ; 
 ∇ = ∇ + = , + , = ,  ;                                          (6.39) 
 

   ∇  = 64,00 . 
 

6.2.4     
 

        
    R.        

  ( =29 )     (H = , ,  , 
 .1. 

 R = ,  .  
 : 

 p = ∇ − ∇ = , − , = ,  ,          (6.40) 
 

 ∇  = 56,00  –   . 
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    – .      

      6.2.1    
6.2.1. 

 
 6.2.1 –       

       H = ,  . 
x y x y x y  y 
0 0,88 7,00 1,79 14,00 8,65 21,70 21,09 

0,70 0,25 7,70 2,25 14,70 9,58 22,40 22,45 
1,40 0,05 8,40 2,76 15,40 10,56 23,10 23,84 
2,10 0,00 9,10 3,33 16,10 11,57 23,80 25,26 
2,80 0,04 9,80 3,95 16,80 13,26 24,50 26,73 
3,50 0,19 10,50 4,63 17,50 13,72 25,20 28,22 
4,20 0,42 11,20 5,35 18,20 14,85 25,90 29,74 
4,90 0,70 11,90 6,11 18,90 16,02 26,60 31,30 
5,60 1,02 12,60 6,91 19,60 17,23 27,30 32,89 
6,30 1,39 13,30 7,76 20,30 18,48 28,00 34,57 
0,70 0,25 7,00 1,79 21,00 20,05 21,70 21,09 

 

 
 6.2.1 −    

 
6.2.5       

 

        
 .  ,    

,    ( ).  
      . 
    3,2 . 

0,00

5,00

10,00

15,00

20,00

25,00

30,00

35,00

0 5 10 15 20 25 30 35 40 45

y, 

x, 
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     : 
            ∇ = ∇  + ℎ + ,                                                            (6.41) 
 

 ℎ  = 3,0 ; 
       ∇  −    . 
            ∇ = , + , + = ,   

 
      : 

            = ∇ +∇ + ∇ = , + , + , = ,  .                          (6.42) 

 
    : 

            = 𝜇 ∙ 𝜔 ∙ √ .                                                                                                  (6.43) 
 

 𝜇 –   0,8; 
      𝜔 –   . 
            𝜔 = ∙ = , ∗ , = ,  ;                                                                  (6.44) 
            = , ∙ , ∙ √ ∙ , ∙ , = ,  / . 
 

    (   2– ), 
    :  

             = 𝑉 +𝑉 = , + , ∙ / , = , .                                              (6.45) 
 

     2 . 
     : 

 
6.2.6 ё       

 
        

 . 
 : 

 h = √ α∙B+ − ∙ ∙  ,                                                                                        (6.46) 

 
  –  ,   1,1. 
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 h = √ , ∙ ,+ − ∙ ∙ , = ,   

 
      : 

 T = ∇ − ∇ = , − , =  .                   (6.47) 
 : 

 = = , = ,                                                                                          (6.48) 

 
     ,   ё    

 15–40 . 
     6.2.2. 

 6.2.2  

    
    

     

 𝝋 

     1,00 

     0,95 

     0,90 

 
 , 𝜑 = ,  

  . . ,  ,  .2,    
  𝜑      ". 

 , : 
 = , , " = , . 
 

   : 
 ℎ′ = h = , ∙ , = ,  ;                                                                    (6.49) 
 ℎ′′ = ′′ h = , ∙ , = ,  .                                                                 (6.50) 
 

 , ℎ′′ > h = ,       . 
 ,      ,  

      .   
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        -
         

  −  . 
      ,    

   .      
   . . : 

            = , √ℎ′ = , ∙ , ∙ √ , = , ,                                           (6.51) 
 

  –    . 
             =  ℎ′ ∙ + − ∙ = ,, ∙ + ∙ = , ⁄ .                                           (6.52) 

       .  
 ℎ′′ < h  ,    ,  ,  

 .     ,  
 .   ,    

         
.  
 
6.2.7    

 
    h ,    

   ,  : 
    h   : 

            
 ℎ = 𝜎ℎ" − ,                                          (6.53) 
 

 H  –    , 
            = ( 𝑞√ ) / − 𝑞(𝜎ℎ′′) ,                                                                               (6.54) 

 

        –   1,07÷1,13 (     = 1,1); 
     m −    . 

            = ( ,, ∙ √ ∙ , ) − , ∙ ,∙ , ∙ , ∙ , = ,  ; 
 
 ℎ = , ∙ , − , = ,  .   
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    h     
    ,    2.6,   

    : Т h H = + . 
             = ℎ +  = , + , = ,  ;                                                      (6.55) 
 = = ,, = , .                                                                                      (6.56) 

 
  . . ,    ,  .2,  

    𝜑      ". 
 , : 

 = , , " = , . 
 

   : 
 ℎ′ = h = , ∙ , = ,  ;                                                                    (6.57) 
 ℎ′′ = ′′ h = , ∙ , = ,  .                                                                    (6.58) 
 

 , ℎ′′ < h = , ,     
     . 

 
6.3   
 
6.3.1     

 
    ,     

      .  
       
  .     : 

1)     ; 
2)       . 

    : 
             B = √ ρρ − + − −α ,                                                                                 (6.59) 

 
 − ,       

  ,     = , ; ρ −  ; ρ −  . 
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  h: 
 h = ∇ − ∇ = , − , = ,  ,                                (6.60) 
 

 ∇  −   . 
         : 

 

( )( ),d = − +  +                        (6.61) 

 
 d  −   ; 

        −   , 2÷3       
 ,     (   

). 
         ∇ = , − , + = ,  . 
 

         
     : 

 B = φ ρρ + −α ,              (6.62) 

 
 −     , 

  II    1,2; 
 φ −       , φ = °. 

   n,  ,  6.3.1  
   B = f n   B = f n ,  6.3.1. 

 
 6.3.1 −   B = f n   B = f n  

n 0,01 0,02 0,04 0,05 0,06 0,1 0,2 0,3 0,4 𝐁  30,42 30,45 30,52 30,56 30,61 30,79 31,39 32,22 33,32 𝐁  37,58 37,38 37,00 36,81 36,62 35,89 34,18 32,62 31,21 
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 6.3.1 –   B = f n   B = f n  

 
    n = ,   B = ,  .  

   B = ,  .  
 
6.3.2     

 

         
   ,     . 

        .  
 –   20 . 

      –  
        . 

  –    4   
   1     .  –  

− 1 . 
 

6.3.3  
 

     .    3 . 
     1,4 .     

   .       
 1 .    1,2 .     
 6.3.2. 

25,00

27,00

29,00

31,00

33,00

35,00

37,00

39,00

0 0,05 0,1 0,15 0,2 0,25 0,3 0,35 0,4 0,45

Bn 

n
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 6.3.2 –    

 
6.3.4  
 

        
 ,     ,   ; 

           
  ;        

      ;    
    . 

     : 
a.  ,     

      (  ). 
b.   (    ),     
     . 

 
6.3.5     

 
     30 ;   

  − 2 . 
     400 2 

     2    . 
        a ,    

        2   
 : 

 

, 
,d n

m

H
a

I


                                     (6.63) 

 

 dH  −    ; 

       n  −     ; 
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       , mI
 
−         

25. 
          = , ∙ , = ,   

 
 ,         

,        3 . 
 

6.3.6     
 

          18 
     27,00  48,00 . 

,      ,   
    ,      

.     :  2,0 , 
 3,0 . 

 
6.4      

 
 

6.4.1  
 

  −      
        

. 
     . 

     (6.64): 
 = ∙ ∆ − ∆ 𝑖 = ∙ , − , = ,            (6.64) 

 
6.4.2     
 

   ,     
,       
       

 .        .  
 

6.5     
 

6.5.1  
 

     ,   , 
     . 
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        6.57: 
           = ,   
  

     : 
          я = ∙ ℎ′′,                                                                                                        (6.65) 
  

 ℎ′′  ℎ′  –      6.57  6.58. 
          я = ∙ ℎ′′ = ,  .  
 

6.5.2  
 

 −   ,     
 .    ,    

. 
    1–    1,86 , 2–  1 , 3–  0,8 , 4–  

0,5 .  c   ,   ,  8 
x 11 .     0,25 ,       

  5 . 
  : 

          = ∙ ℎ′′ − ℎ′ − я,                                                                                (6.66) 
 

 ℎ′′  ℎ′  –      6.57  6.58. 
          = ∙ , − , − , ≈ ,  .   
 

6.5.3  
 

         
. 

  ( )   : 
 

max

q
h K

V
= ,                                             (6.67) 

 

 K
 
− ,     (1,05÷1,1); 

      
q

 
−    ; 

      V  −          
 h  = 1 ,    1 / . 
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        ℎ = , ∙ √ , =  . 
       2 .   

 1:4 ÷ 1:2. 
 

6.6     
 

        
 ,    ,    

    ,   
 .       (  

 ∇ = ,  ,   ∇ 𝑖 = ,  ,   =  / . 
    ё   

. 
     ,    
  . 
 ,   ,   : 

         = ,, = ,  ,                                                                                                       (6.68) 

 
 

 
−      ; 

        
−      . 

       
  6.6.1      

. 
 

 6.6.1 –      −  

l0/S0  
l0/S0  ≥ 5,0 0,5 l0 

3..4 ≤ l0/S0 < 5,0 2,5 S0 
1,0 ≤ l0/S0 < 3,4 0,8 S0+ 0,5 l0 

0 <l0/S0 <1,0 S0+ 0,3l0 
 

  l0/S0  ≥ 5,0, : 
          = , ∙ = , ∗ , = ,  .                                                                (6.69) 
 

    –      
  ,        , 

  (   ),     6.6.2. 
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 6.6.2 –       
 

  

1 32,7 

2 29,4 

3 23,7 

4 26,7 

5 23,7 

6 32,7 

=(∑ 1÷ 6)/6 28,2 

 

         
      .  

 

6.7      
 

6.7.1   
 

      ,      G   G     AutoCad. 
 : 

             S =  ,  
 

 : 
 S = ,  . 
 

 1 .    : 
            G = ∙ ∙ ∙+ = ,  ∙ ∙ , ∙+ = , ⁄ ,                                    (6.70) 

 
 S −    ;  b −  ;  ρ −  ;  −  . 

 : 
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G = ∙ ∙ ∙+ = , ∙ ∙ , ∙+ = , ⁄ ,                                    (6.71) 

 
      . . : 

            Q ≈ , ∙ f ∙ √f ∙ g = , ∙ , ∙ √ , ∙ , ≈ ,  ,            (6.72) 
 

 f −  : 
 f = ∇ − ∇ + , ∙ b;             (6.73) 

 f = , − , + , ∙ = ,  . 
 

    1 .   : 
            = + = ,+ = , ⁄ ,                                                                     (6.74) 

 
6.7.2 ё    

 
     : 

   : 
 T = = ∙ , ∙ , ∙ − = , ⁄ ,                                   (6.75) 

 h = ∇ − ∇ = , − , = , .                                      (6.76)
                    

   : 
 T = = ∙ , ∙ ,  ∙ − = , ⁄ ,                                       (6.77) 

 h = ∇ − ∇ = , − , = ,  ,                                    (6.78)  
           

 ∇ = , −      Q =  / . 
 

       
  : 

 

wW gS= ,                                      (6.79) 
 

 S  −     . 
            = ∙ , ∙ , ∙ − = ,  ⁄   
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6.7.3    
 

         : 
 
  wp gh= ,                                                    (6.80) 
 

 minh = − . 
             = ∙ , ∙ , − , = ,   
 

     : 
 W = ρ ∙ g ∙ ;                                                   (6.81) 
 W = ∙ , ∙ , = ,  / . 

 
6.7.4    

 

        
 ,     

: 
     : 

 W = ρ ∙ g ∙ S = ∙ , ∙ , = ,  / .        (6.82) 
 

 S  −    ,    
,        . .  

 
6.7.5   

 
    : 

 p = ∙ h ∙ tg − φ = ∙ ∙ tg − = ,  / ,        (6.83) 

 
 −       ÷  / , 

  =  / ; h −   ,     , h =  ; φ = ° −    .  
    1 . .: 

             E = = , ∙ = , ⁄  .                                                                       (6.84) 
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 . 

        , 
    :     

 ,   . 
     ( ): 

 p . ′ = h tg − φ − ∙ ∙ tg − φ
;         (6.85) 

 p . ′ = ∙ ∙ tg − − ∙ ∙ tg − = − ,  / ;  

 p . ′′ = h +  h ∙ tg − φ − ∙ ∙ tg − φ
;       (6.86) 

     p . ′′ = ∙ + , ∙ , ∙ tg ( − ) − ∙ ∙ tg ( − ) =   = ,  / ; 
  = − − n ;                                                                              (6.87) 
             = , − − , ∙ , = ,  / , 
 

 −  ,  10 ; −    ,   19,5 / ; n −   ,  0,45; −   ; h −   ,  1,5 ; φ −   ,  30°,   . 
 

    –    ,    
.  =  ⁄ ,    𝜑 = , 
    0,4 , = , . 

 p . ′ = h +  h ∙ tg − φ − ∙ ∙ tg − φ
;   (6.88)               

            p . ′ = ∙ + , ∙ , ∙ tg ( − ) − ∙ ∙ tg ( − )=  , / .  
  = − − n ,                                                                       (6.89) 

             = , − − , ∙ , = ,  / , 
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p . ′′ = h +  h +  ℎ ∙ tg − φ − ∙ ∙tg − φ
;                                                                                                       (6.90) 

            p . ′′ = ∙ + , ∙ , + , ∙ , ∙ tg ( − ) − ∙∙ tg ( − ) = , / .  
 

       
: 

           E = S = . ′+ . ′′ h .                                                                          (6.91) 

           E = (− , + , ) ∙ , = − , ⁄  

           E = S = . ′+ . ′′ h .                                                                          (6.92) 

           E = ( , + , ) ∙ , = , ⁄  

 
    ,    

   . 
 
6.7.6 ё    

 
        

        . . . 
 W = , ∙ ρ ∙ g ∙ h % ∙ λ̅ + ;                                                               (6.93) 

 W = , ∙ ∙ , ∙ , ∙ ( ,, + , ) = ,   

 
  h % −   1% ; ̅ −   ; h −   . 

 h = ∙ %λ̅ = , ⋅ ,, = ,  .                                                                    (6.94) 
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       , 
     ,   

,   ,    , ∙ h %  ,  
   ∙ h % . 

 
6.8 ё    

 
6.8.1   
 

        
    (    ). 

      .   
    .  ,   

    ,     
 .       

  «−»,     «+».     
 6.8.1,    ,    

  .      
    AutoCad. 

 
 6.8.1 –     

 
 𝛄𝐟  

 
  

, 
 

, 
 

, ∙  T  1  8603,05 13,96 120098,58 T  1  259,96 –2,44 –634,30 W  
 

1  27,27 14,50 395,42 G  
 

0,95  13396,60 –3,80 –50907,08 G  0,95  7366,57 –7,60 –55985,93 W  1  1706,94 0,00 0,00 W  1  1638,27 8,90 14580,60 E  1,2  11,77 6,57 77,33 E  1,2  12,11 0,80 9,69 W  1  10,92 40,61 443,46 q  0,9  27,07 –12,40 –335,67 

– – ∑ N 
17472,30 

 
 

∑ M 
27742,10 

 
  

       (  
  1   ): 

  : 
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           σ = − B + ∙∑B ,                                                                                                 (6.95) 

 
 N −  ,   ,   ; M −    ,   ; B −   . 
 

           N = W + G + G − W − W + q  ;                                                          (6.96)          
             N = , + , + , − , − , +, =17472,30 ; 
  σ = − ,     , + ∙ ,, = − , ⁄ ; 
 σ = σ ∙ m − ∙ H ∙ − m ;                                                        (6.97) 

             
 H = ∇ − ∇ = , − , = ,  ,                                    (6.98)        

       
 H −      . 

 m = tg = ,                                                                                                    (6.99)
                  

 = −   . 
    : 

 σ = − ,  ∙ − , ∙ , ∙ − = − , ⁄ .         (6.100)     
 

    : 
 τ = ( ∙ H + σ ) ∙ m ;                                                                        (6.101)

        τ = , ∙ , − , ∙ =  / . 
 

 : 
 σ = σ ∙ + m + ∙ H ∙ m ;                                                      (6.102)
        σ = − , ∙ + + , ∙ , ∙ = − ,  / ;   
 σ = − ∙ H = − , ∙ , = − , ⁄ .                            (6.103)

        
  : 
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             σ = − B − ∙∑B ;                                                                                             (6.104) 

             σ = − ,, − ∙ ,,  = − , ⁄ ; 
 σ = σ ∙ m − B ∙ H ∙ − m ;                                                       (6.105)

          σ = − ,  ∙ , − , ∙ , ∙ − , = − , / ; 
 H = ∇ − ∇ = , − , = ,  ,                           (6.106)

     
 H −       . 

 m = ctg = c tg ° = , ,                                                                         (6.107)
           

 −      . 
    : 

 τ = −( ∙ H + σ ) ∙ m ;                                                                       (6.108)
        τ = − , ∙ , − ,  ∙ , = ,  / . 

 
 : 

 σ = σ ∙ + m + ∙ H ∙ m ;                                                        (6.109)
         σ = − , ∙ + , + , ∙ , ∙ , = − , / . 

 σ = − ∙ H = − , ∙ , = − ,  ⁄ .                               (6.110)
        

       6.8.1. 
 

 8.2 –   ,    
     σ , /  –381,39 

 
–700,48 

 σ , /  –410,84 
 

–425,26 
 τ , /  0,00 

 
471,80 

 σ , /  –381,39 –1054,33 σ , /  –410,84 –71,42 
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6.8.2    
 

  ,    .  
 ,    : 

   : 
 ∙ ∙ |σ | ∙ R ,                                                                                     (6.111) 

            
 = , −       ; |σ | = ,  / ; = −   ; = −   . 
         R , ∙ ∙ , .                                                                                                  (6.112) 

 
 , . .: 

 − , ⁄   / . 
 

   ,      
5       =  / ,  

       . 
 

        : 
 σ <  ;                                                                                                               (6.113)
               − , < . 
 

    : 
 |σ | , ∙ ∙ H ;                                                                                      (6.114)
             − , , ∙ , ∙ , ;  
 − ,  / , / .  
 

  ,    
. 

 
6.8.3 ё    
 

       
  . 
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      ,  
 : 

 ∙∙ ,                                                                                                               (6.115) 

 
 = , , −     ; = , −   ; = −   ; R −     . 
 R = (G + G − W − W + W + q ) ∙ tgφ + ∙ ω;                         (6.116)

   R = , + , − , − , + , + , ∙ , ++ ∙ , =10410,64 / . 
  

 tg = , −    ; =  / −   ; ω = B ∙ = ,  −      
   1 . .; 
 = − + . + + ;                                                                  (6.117)

           = , −259,96+10,92+ , − , = ,  / . 

 ,    (  6.1): 
 , ∙,  ∙ ,  

 , ,   
 

       
.  
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7       
 

7.1      
 

    –   
     30       .   

       . 
    27000 . ,   420 ,  

   248 ³/ .    
   , , , , ,   

. 
  ё          

    .    
       ,   

ё  ( ё )      ё . 
     .   

   .    ,   
,     .    0,8–1 /  

   0,7 /      0,4 /   .   
        255   .  

    ,  ,   
.    ,    

  ,      
 .   1–2,5 ,  – 10 ,  – 0,2 . 

 ,   5–6 .        
ё  , ,   – , ,  – , ё . ё  

  1%,   5%,  40%. 
   ,    

 .      −18 °C  −24 °.   
    7     

. 
     .   

    700  ,    – 500–600 ,  
 –  450 .       70 . 

   ,   2–   .  
      –  

, , –     
.      –

     .    
         

  . 
        

.         
 :  ,    ,  

 , ,     . 
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     , –
,    .     

60%.     ,    
       .   

         
( , , ). 

         
: 

−  – , , , – , , , 
, , , , ,  , , , , 

; 
−  –  ( ,  (  )),  ( , 
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% 1 1 1 1 1 

   
  

∙  532 532 532 532 532 
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    . 
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     « », 
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   , 
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 «  – » 135,8 . /  21,61 
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, . . 84,46 84,46 84,46 84,46 84,46 
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11 15 10 1,43 1,49 
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2027 2028 2029 2030 2031 

 ( ), . . 1604,17 1640,96 1669,52 1687,19 1701,24 
 , . . 354,17 387,20 411,67 468,17 526,21 

EBITDA (  ), 
. . 1597,53 16343 1662,89 1680,55 1694,60 

EBIT(   
), . . 1320,60 1324,62 1329,08 1288,48 1243,56 

   
, . . 139,81 264,92 265,82 257,70 248,71 

NOPAT (  ), 
. . 1180,79 1059,69 1063,26 1030,79 994,85 

   ,% 20 20 20 20 20 
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    «  »  07.02.2000 . № 54  
     26.05.1999 . №24–16–1/20–

113; 
) «        

   –       
  », , 2008 .,   «  »  

31.03.2008  № 155     26.05.99 . №24–16–1/20–113. 
)     « »  16.01.2017 №9 – «  

   « »  2017–2042 ». 
ё       

  ProjectExpert,  ExpertSystems.  
       

 : 
1)       20 ,  

     . 
2)       

 ,   1 . 2022 . 
3) ,         

    ,   
 . 

 
9.4.2   
 

  ё      
ё  ,     9.4.1. 

 
 9.4.1–     «  

   » 
   

 , % 11,6 
  – PB,  134 

   – NPV, .  3838 
  – PI, . 1,12 
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 . , / ∙  0,26 

 , /  80648,6 
 

 ,    ,  
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 .1 – –           
   

 Q  Q . Q  Q  Q ё  Q  Q  Q  Q  Q .  Q  V  d V V  Z  Z  Zc  Z  H N  N  
 /  /  /  /  /  /  /  /  /  /  /            

XI 70 0 2 1 2 65 208 130 273 0 275 6,92 0,54 6,38 63,00 61,93 62,47 30,88 31,29 74 74 
XII 42 0 2 0 5 34 348 130 382 0 384 6,38 0,90 5,48 61,93 60,40 61,17 31,62 29,25 97 97 
I 27 0 2 0 8 17 390 130 407 0 409 5,48 1,01 4,47 60,40 58,34 59,37 31,77 27,30 97 97 
II  16 0 2 0 4 10 321 130 331 0 333 4,47 0,83 3,64 58,34 56,09 57,21 31,29 25,62 74 74 
III  15 0 2 0 1 11 117 130 128 0 130 3,64 0,30 3,33 56,09 55,21 55,65 29,42 25,93 29   
IV  20 0 2 0 –12 30 98 130 128 0 130 3,33 0,25 3,08 55,21 54,48 54,84 29,41 25,13 28   

V 260 0 2 3 –8 263 –135 130 128 0 130 3,08 –0,35 3,43 54,48 55,49 54,98 29,42 25,26 28   

VI 960 0 2 10 0 948 –820 130 128 0 130 3,43 –2,13 5,55 55,49 60,53 58,01 29,15 28,56 32   
VII 253 0 2 3 0 249 –120 130 129 0 130 5,55 –0,31 5,87 60,53 61,05 60,79 29,15 31,34 35   
VIII 290 0 2 3 0 286 –157 130 129 0 130 5,87 –0,41 6,27 61,05 61,74 61,39 29,15 31,94 36   
IX  251 0 2 3 0 246 –118 130 128 0 130 6,27 –0,31 6,58 61,74 62,30 62,02 29,15 32,57 36   
X 145 0 2 1 0 142 –14 130 128 0 130 6,58 –0,04 6,61 62,30 62,37 62,34 29,14 32,90 37   
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 .2 – –          
 

   
 Q  Q . Q  Q  Q ё  Q  Q  Q  Q  Q .  Q  V  d V V  Z  Z  Zc  Z  H N  N  

 /  /  /  /  /  /  /  /  /  /  /            

XI 70 0 0 1 2 67 170 130 237 0 237 6,92 0,44 6,48 63,00 62,11 62,56 30,57 31,69 65 65 
XII 42 0 0 0 5 36 305 130 341 0 341 6,48 0,79 5,69 62,11 60,76 61,44 31,35 29,79 88 88 
I 27 0 0 0 8 19 338 130 357 0 357 5,69 0,88 4,81 60,76 59,13 59,94 31,45 28,19 88 88 
II  16 0 0 0 4 12 261 130 273 0 273 4,81 0,68 4,14 59,13 57,49 58,31 30,86 27,15 65 65 
III  15 0 0 0 1 13 197 130 211 0 211 4,14 0,51 3,63 57,49 56,06 56,77 30,32 26,15 48   
IV  20 0 0 0 –12 32 98 130 130 0 130 3,63 0,25 3,37 56,06 55,33 55,69 29,41 25,98 29   

V 260 0 0 3 –8 265 –136 130 130 0 130 3,37 –0,35 3,72 55,33 56,35 55,84 29,41 26,13 29   

VI 960 0 0 10 0 950 –821 130 130 0 130 3,72 –2,13 5,85 56,35 61,03 58,69 29,14 29,25 33   
VII 253 0 0 3 0 250 –121 130 130 0 130 5,85 –0,31 6,17 61,03 61,55 61,29 29,14 31,85 36   
VIII 290 0 0 3 0 287 –158 130 130 0 130 6,17 –0,41 6,58 61,55 62,30 61,92 29,14 32,49 37   
IX  251 0 0 3 0 248 –119 130 130 0 130 6,58 –0,31 6,88 62,30 62,92 62,61 29,14 33,17 37   
X 145 0 0 1 0 144 –14 130 130 0 130 6,88 –0,04 6,92 62,92 63,00 62,96 29,14 33,52 38   
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 .3 – –       
 Q  Q . Q  Q  Q ё  Q  Q  Q  Q  Q .  Q  V  d V V  Z  Z  Zc  Z  H N  N   

 /  /  /  /  /  /  /  /  /  /  /            
 

 

XI 89 0 0 1 2 86 149,80 130 236 0 236 6,92 0,39 6,53 63,00 62,21 62,61 30,56 31,75 65 65 46,92 

XII 56 0 0 1 5 51 288,30 130 339 0 339 6,53 0,75 5,78 62,21 60,91 61,56 31,33 29,93 88 86 63,58 

I 36 0 0 0 8 28 328,20 130 356 0 356 5,78 0,85 4,93 60,91 59,38 60,15 31,44 28,40 88 86 63,33 

II  30 0 0 0 4 26 244,24 130 270 0 270 4,93 0,63 4,30 59,38 57,92 58,65 30,84 27,52 65 65 46,49 

III  24 0 0 0 1 23 189,05 130 212 0 212 4,30 0,49 3,81 57,92 56,59 57,26 30,34 26,62 49   35,35 

IV  22 0 0 0 –12 33 161,61 130 195 0 195 3,81 0,42 3,39 56,59 55,38 55,99 30,17 25,51 43   31,17 

V 373 0 0 4 –8 377 –170,9 130 206 0 206 3,39 –0,44 3,83 55,38 56,66 56,02 30,28 25,44 46   32,88 

VI  1220 0 0 12 0 1208 –852,4 130 355 0 355 3,83 –2,21 6,04 56,66 61,34 59,00 31,08 27,62 85   61,50 

VII 385 0 0 4 0 381 –102,97 130 278 0 278 6,04 –0,27 6,31 61,34 61,81 61,58 30,56 30,71 74   53,52 

VIII 304 0 0 3 0 301 –151,99 130 149 0 149 6,31 –0,39 6,71 61,81 62,55 62,18 29,37 32,51 42   30,34 

IX  250 0 0 3 0 248 –78,89 130 169 0 169 6,71 –0,20 6,91 62,55 62,97 62,76 29,59 32,87 48   34,72 

X 170 0 0 2 0 168 –4,05 130 164 0 164 6,91 –0,01 6,92 62,97 63,00 62,99 29,54 33,14 47   34,10 ∑ Э 534 
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 .1 –        

  
 

 1 2 3 4 5 6 7 8 9 10  

ri 8,50 8,02 7,54 7,06 6,58 6,10 5,61 5,13 4,65 4,17 3,69 3,21 

bi 4,81 4,52 4,23 3,94 3,65 3,36 3,07 2,78 2,49 2,20 1,91 1,62 

rk 4,46 4,38 4,30 4,22 4,14 4,07 3,99 3,91 3,83 3,76 3,68 3,60 
rk/ra 1,21 1,19 1,17 1,15 1,13 1,11 1,09 1,06 1,04 1,02 1,00 0,98 

ln(rk/ra) 0,19 0,17 0,16 0,14 0,12 0,10 0,08 0,06 0,04 0,02 0,00 –0,02 

ri/ra 2,31 2,18 2,05 1,92 1,79 1,66 1,53 1,40 1,27 1,14 1,00 0,87 
ln(ri/ra) 0,84 0,78 0,72 0,65 0,58 0,51 0,42 0,33 0,24 0,13 0,00 –0,1 

b·ln(ri/ra) 7,12 6,25 5,41 4,60 3,83 3,08 2,38 1,72 1,10 0,53 0,02 –0,43 
rk·ctg(γ) 16,64 16,35 16,06 15,77 15,48 15,19 14,89 14,60 14,31 14,02 13,73 13,44 

rk·ctg(γ)·ln(rk/ra) 14,28 12,52 10,84 9,24 7,71 6,25 4,87 3,56 2,32 1,14 0,04 –1,00 

mi 2,91 2,62 2,33 2,04 1,75 1,46 1,17 0,88 0,59 0,30 0,01 –0,28 
Ji 4,00 3,55 3,11 2,68 2,27 1,88 1,51 1,16 0,83 0,53 0,26 0,03 
ϕi 210,00 186,21 163,12 140,80 119,32 98,75 79,20 60,78 43,63 27,93 13,90 1,82 
ai 4,82 4,34 3,86 3,38 2,90 2,42 1,94 1,46 0,98 0,50 0,02 –0,46 
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